Metal-organic frameworks (MOFs) are a class of porous materials with potential applications in gas storage, 1 molecular 15 separations 2 and catalysis. 3 MOFs are constructed via a modular approach from metal salts and organic linkers that allows their structures and functionality to be systematically modified. 4 Such chemical mutability enables the properties of a given material to be tailored for a particular application. This feature, in 20 conjunction with large pore volumes and high surface areas, 4 has particularly earmarked MOFs as promising materials for heterogeneous catalysis. 3 One approach to developing catalytic MOFs relies upon embedding established catalytic moieties into the framework. 3, 5 In this regard, post-synthetic metalation is a 25 promising strategy that provides a route for encapsulating existing homogenous catalysts within the pore network or anchoring them to the MOF structure. 5b Regarding this latter approach, a number of MOFs have been generated that contain sites, such as diols, 6 cyclometalation sites, 7 and heterocyclic 30 donors, 8 with potential for post-synthetic catalytic metal inclusion.
The use of azolium-containing linkers that are precursors to Nheterocyclic carbene (NHC) complexes has also been identified as a route for preparing MOF catalysts.
9-11 Such species are 35 attractive components for MOFs as they are ubiquitous stabilising ligands for catalytic metals. Azolium linkers have been directly employed in MOF synthesis 12 and, in some cases, post-synthetic metalation used to convert these to NHC complexes inside the MOF. 9 Alternatively, Yaghi and co-workers have shown that pre-40 formed NHC complexes can be utilized as framework links. 10 Furthermore, NHC complex generation concomitant with MOF synthesis has been reported.
11
In these examples the NHC complex is appended to the framework and protrudes into the available pore space. Here, we report the first example of a MOF (Figure 1a ). This provided X-ray quality, pale yellow crystals of 1. Cu 2 O can also be employed as a Cu(I) source for MOF 1 synthesis 11 but in our hands gave mixtures containing residual Cu 2 O that were challenging to separate. Crystalline samples synthesised using both routes readily matched the powder X-ray diffraction (PXRD) pattern simulated from the single crystal data ( Figure 2 ) and dried samples gave satisfactory EDX and elemental analyses. † Single crystal X-ray crystallography revealed that 1 has a diamondoid 3D framework ( Figure 1a ). This is formed from a 
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vacuum led to a significant change in the PXRD pattern ( Figure  1c ). Zn 4 O clusters can be hydrolytically unstable and prone to structure collapse upon desolvation. 17 In 1 the unusual monodentate coordination mode for four of the carboxylates may predispose the material toward a structural rearrangement. A 77 5 K N 2 isotherm confirmed that the structure of the desolvated material is not accessible to this probe molecule (despite a calculated surface area of ∼1300 m 2 /g). Nonetheless, the material can be resolvated by heating 1 at 85°C in DMF for 24 h and PXRD reveals the as-synthesised structure to be partially 10 regained ( Figure S2 ). Structural recovery upon desolvation/resolvation cycles is not uncommon in MOF chemistry. 18 A survey of the literature indicates that Zn forms a number of common SBUs with carboxylate ligands, including three-and 15 four-bladed dinuclear paddlewheels, 19 Relatively few MOFs comprised of NHC ligands have been assessed for their catalytic performance.
9 Accordingly, we sought to investigate the potential of 1 to activate CO 2 via hydroboration. 13 In addition to hydroboration of CO 2 , copper(I) 30 NHC complexes are also known to catalyse reactions such as the azide-alkyne "click chemistry" 22 and the hydrosilylation of ketones. 16a, 23 Of interest is that the cationic bis(NHC) complexes generally have improved catalytic activity by comparison with their neutral mono(NHC) parent. 16a, 22b The CO 2 hydroboration 35 reactions (Scheme 1) were conducted in THF at 35°C under CO 2 atmosphere (1 atm) in the presence of pinacolborane and different amounts of MOF 1 (Table 1) as the catalyst. The product HCO 2 B(pin) was not isolated, but instead immediately used as a formylating reagent for benzylamine 13 after the MOF catalyst was 40 removed by filtration. Almost quantitative conversion was obtained when 10 or 5 mol% of 1 was used (entries 2 and 3, respectively) whereas 66% of conversion was observed when only 1 mol% was employed (entry 4). These results are similar to data previously obtained involving a related homogeneous 45 catalyst Cu(Ot-Bu)(IPr) (entry 5).
13
Crystals of 1 can be readily recovered after the reaction and no significant structural changes were observed in the PXRD pattern ( Figure S6 ). An important aspect of using a MOF based NHC as a heterogeneous catalyst is that the MOF can be recovered from 50 the reaction medium. We also assessed recyclability of the catalyst by using a 5 mol% loading of 1 over five cycles (Table  S3) . These experiments revealed that the catalytic activity of 1 decreased over the first two cycles and then stabilised at about 50% conversion thereafter. PXRD analysis of 1 after the fifth 55 cycle clearly showed that the structure is retained (Figure S6 ), but the broadness and reduced intensity of the PXRD peaks indicate diminished crystallinity.
Inductively-coupled plasma mass spectrometry (ICP-MS) measurements ( Our preliminary catalytic studies indicate that MOF 1 acts to heterogenously catalyse the hydroboration of CO 2 . Examination of the catalysis reaction solution shows no evidence of a homogenous NHC species ‡ being present in solution (excepting a very small amount of copper). On this basis, and due to the data 85 obtained from recycling experiments, we can be confident the material is not a supplier of a homogenous catalyst species for the reaction. Additional evidence for this conclusion comes from additional catalytic experiments we have briefly investigated, namely "click chemistry" and hydrosilylation reactions, where we 90 observed that the MOF does not catalyse these reactions. This observation we attribute to increased molecular size of the reactants involved and heterogeneous nature of this MOF catalyst.
In conclusion, we have reported the first example of a MOF 95 comprising a Cu(I) bis-NHC ligand catalytic site. This entity is formed in-situ from an azolium ligand and a Cu(I) source. The 'pairing' of ligands in the MOF generates an unusual Zn 4 O SBU and a structurally flexible diamonded 3D network. As the Cu(I) bis-NHC site is a structural building block the catalytic sites are 100 well defined and the MOF shows similar catalytic behaviour to related homogenous Cu(I) NHC species yet has the advantage of being a heterogeneous system that can be recovered following a reaction. Our results show for the first time that catalysis by bis-NHC species within a MOF is possible however, a more robust framework will be required to realise the full potential of these moieties. 3 In this case we believe that the evidence presented for MOF 1 indictates that the material remains intact and acts as a heterogenous catalyst although, like many systems, we cannot entirely rule out the presence of a highly active homogenous 20 entity.
Notes and references

1.
General experimental details
Elemental analyses were performed by the Campbell Microanalytical Laboratory at the University of Otago (North Dunedin, New Zealand). Infrared spectra were collected on a Perkin-Elmer Spectrum 100 using a UATR sampling accessory. NMR spectra were recorded on a Varian Gemini 300 MHz or a 500 MHz NMR spectrometer at 23 C using a 5 mm probe.
Thermal gravimetric analysis (TGA) was performed on a Perkin-Elmer STA-6000 instrument under a constant flow of N 2 at a temperature increase rate of 10 °C/min. Powder X-ray diffraction data were collected on a Rigaku Hiflux Homelab system using Cu Kα radiation with an R-Axis IV++ image plate detector. Samples were mounted on plastic loops using paratone-N and data collected by scanning 90° in Φ for 120 s exposures. The data were converted into xye format using the program Datasqueeze 2.2.2, Datasqueeze Software; Wayne, Pennsylvania, U.S.A., 2010. Simulated powder X-ray diffraction patterns were generated from the single crystal data using Mercury 3.0. Energy-dispersive X-ray spectroscopy (EDX) was performed on a Philips XL30 field emission scanning electron microscope. Catalytic reactions were carried out with standard Schlenk techniques under argon. THF was distilled from sodium/benzophenone. Unless otherwise stated, all chemicals were obtained from commercial sources and used as received. were prepared according to the methods described in the literature.
2.
Synthesis 
4.
Energy Dispersive X-ray spectroscopy (EDX) 
X-Ray Crystallography
A crystal of 1 was mounted on a plastic loop using paratone-N oil and X-ray diffraction data collected with Mo-K radiation ( = 0.7107 Å) on an Oxford Diffraction X-calibur diffractometer at 110(2) K. The data set was corrected for absorption and the structures were solved by direct methods using SHELXS-97 3 and refined by full-matrix least squares on F 2 by SHELXL-97, 4 interfaced through the program X-Seed.
5
All non-hydrogen atoms were refined anisotropically and hydrogen atoms were included as invariants at geometrically estimated positions, unless specified otherwise in additional details below. Details of data collections and structure refinements are given in Table S2 .
Refinement special details for 1: The structure of this MOF possesses large voids containing a considerable number of diffuse electron density peaks that could not be adequately modelled as solvent. The SQUEEZE routine of PLATON 6 was applied to the collected data, which resulted in significant reductions in R 1 and wR 2 . R 1 and wR 2 before SQUEEZE routine:
19.93%, 51.4%; after SQUEEZE routine: 12.37%, 37.60%. 6.
Catalysis
General procedure for Table 1, Entry 3 and Table S3 .
MOF 1 (14 mg, 0.0086 mmol, 2.5 mol %) soaked in THF (1.2 mL) was charged in a 50 mL Schlenk under argon. CO 2 (~ 1atm) was then introduced using a balloon by purging the system (×4). Pinacol borane (50 µL, 0.344 mmol) was added dropwise to the solution and the resulting mixture was stirred for 24 h at 35°C. Spectroscopic data for N-formyl benzylamine were consistent with the previously reported data for this compound. 
